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, t > 0,

Ù¥α > 0¡�/Gëê, β > 0¡�ºÝëê.

'uFrechet©Ù�ÚO©Û®k�
©z�
ïÄ, Mann [2]?Ø
Frechet©ÙÚn

ëê%Ù�©Ù�ëê�O¯K, Harlow [3]�Ñ
Frechet©Ù3ØÓ+��A^, �Ñ

§3ó§A^¥´�«­��©Ù, Zaharim� [4]rFrechet©ÙA^�©Ûº�êâþ,

AbbasÚTang [5]ïÄ
�/Gëê®��, Frechet©Ù¥ºÝëê�4�q,�O!��

d�OÚVÇ\�Ý�O, AbbasÚTang [6]?Ø
Äu/.í���Frechet©Ùëê�4

�q,�OÚ���¦�O.

3Æ·Á�¥du,«�Ï�U¬u)Ü©êâ"���¹, 'uêâ"�|Üe�

ÚO©Û�k�
©z, XX?Ú4gu [7]ïÄ
½���"�êâe�ê©Ùëê�C

∗p�Æ�Æ�M#Ú�Oy�8(1OÒ: B14019)ÚI[g,�ÆÄ7�8(1OÒ: 11271136!81530086)]Ï.

�©2016c5�10FÂ�, 2016c9�22FÂ�?Uv.



1 3Ï Q�`, �: ½ê��êâ"�|ÜFrechet©Ùëê�Cq4�q,�O 311

q4�q,�O, �Iu� [8]ïÄ
3½ê��êâ"��|Üeéê��©Ùëê�C

q4�q,�O, M¡* [9]ïÄ
êâ"�|Ünëê%Ù�©Ù�ëê�O. 
�©K

�Ñ
3½ê��êâ"�|ÜüëêFrechet©Ùëê�Cq4�q,�O.

�©SüXe: 1�!ïÄ
Frechet©Ùëê�Cq4�q,�O, duëê�q,

�§¦)¿�´¯, J±��4�q,�O�wª), ��ÑþãØv, �!�Ñ
��ë

ê�Cqq,�§, �Ñ
��ëê�wª�Oþ. 1n!?1
�[O�¿�Ñ
(Ø.

§2. Frechet©Ùëê�Cq4�q,�O

-X = lnT , KX�©Ù¼êÚ�Ý¼ê©O�

H(x) = exp[−e−(x−µ)/σ], h(x) =
1

σ
exp[−e−(x−µ)/σ − (x− µ)/σ], x ∈ R,

Ù¥µ = lnβ¡� �ëê, σ = 1/α¡�ºÝëê.

2-Z = (X − µ)/σ, KZ�©Ù¼êÚ�Ý¼ê©O�

F (z) = exp[−e−z], f(z) = exp[−e−z − z], z ∈ R.

b½kn��¬?1Æ·©Ù, �kr��¬���Ê�Á�, ÙgS��êâ�

t(1) 6 t(2) 6 · · · 6 t(r),

eþãr���êâdu,«�Ï
¦�keZ�êâ"�, ��ek�êâ, �e���

êâ�

t(r1) 6 t(r2) 6 · · · 6 t(rk),

-zi = (ln ti − µ)/σ, Kz(1) 6 z(2) 6 · · · 6 z(r)�5g©Ù¼êÚ�Ý¼ê©O�F (z)!

f(z)�cr�gSÚOþ, �e�k���êâ�

z(r1) 6 z(r2) 6 · · · 6 z(rk),

Kq,¼ê�

L(µ, σ) = cσ−k[F (z(r1))]
r1−1

k−1∏
i=1

[F (z(ri+1))− F (z(ri))]
ri+1−ri−1

· [1− F (z(rk))]
n−rk

k∏
i=1

f(z(ri)). (1)

éêq,¼ê�

lnL(µ, σ) = ln c− k lnσ + (r1 − 1) ln[F (z(r1))] + (n− rk) ln[1− F (z(rk))]
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+
k−1∑
i=1

(ri+1 − ri − 1) ln[F (z(ri+1))− F (z(ri))] +
k∑
i=1

ln f(z(ri)).

-
∂ ln(µ, σ)

∂µ
= 0,

∂ ln(µ, σ)

∂σ
= 0,

u´�Xeq,�§

(r1 − 1)
f(z(r1))

F (z(r1))
+
k−1∑
i=1

(ri+1 − ri − 1)
f(z(ri+1))− f(z(ri))
F (z(ri+1))− F (z(ri))

− (n− rk)
f(z(rk))

1− F (z(rk))
− k +

k∑
i=1

e−z(ri) = 0, (2)

k + (r1 − 1)
f(z(r1))

F (z(r1))
z(r1) +

k−1∑
i=1

(ri+1 − ri − 1)
f(z(ri+1))z(ri+1) − f(z(ri))z(ri)

F (z(ri+1))− F (z(ri))

− (n− rk)
f(z(rk))

1− F (z(rk))
z(rk) −

k∑
i=1

z(ri) +
k∑
i=1

z(ri)e
−z(ri) = 0. (3)

-

pri =
ri

n+ 1
, qri = 1− pri , ξri = F−1(pri).

ò¼êf(z(r1))/F (z(r1))3:ξr1?Ðm�

f(z(r1))

F (z(r1))
≈ α1 − β1z(r1),

Ù¥

α1 =
f(ξr1)

pr1

[
1 + ξr1(1− e−ξr1 ) +

ξr1f(ξr1)

pr1

]
, β1 =

f(ξr1)

p2r1
[f(ξr1) + pr1(1− e−ξr1 )].

ò¼êf(z(rk))/[1− F (z(rk))]3:ξrk?Ðm�

f(z(rk))

1− F (z(rk))
≈ αk + βkz(rk),

Ù¥

αk =
f(ξrk)

qrk

[
1 + ξrk(1− e−ξrk )− ξrkf(ξrk)

qrk

]
, βk =

f(ξrk)

q2rk
[f(ξrk)− qrk(1− e−ξrk )].

ò��¼ê[f(z(ri+1))− f(z(ri))]/[F (z(ri+1))− F (z(ri))]3:(ξri+1 , ξri)?�VÐm�

f(z(ri+1))− f(z(ri))
F (z(ri+1))− F (z(ri))

= εi + ωiz(ri) − δiz(ri+1),
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Ù¥

εi =
f(ξri+1)− f(ξri)

pri+1 − pri

+ ξri+1f(ξri+1)
(1− e−ξri+1 )(pri+1 − pri) + f(ξri+1)− f(ξri)

(pri+1 − pri)2

− ξrif(ξri)
(1− e−ξri )(pri+1 − pri) + f(ξri+1)− f(ξri)

(pri+1 − pri)2
,

ωi = f(ξri)
(1− e−ξri )(pri+1 − pri) + f(ξri+1)− f(ξri)

(pri+1 − pri)2
,

δi = f(ξri+1)
(1− e−ξri+1 )(pri+1 − pri) + f(ξri+1)− f(ξri)

(pri+1 − pri)2
.

ò��¼ê[z(ri+1)f(z(ri+1))−z(ri)f(z(ri))]/[F (z(ri+1))−F (z(ri))]3:(ξri+1 , ξri)?�V

Ðm�
z(ri+1)f(z(ri+1))− z(ri)f(z(ri))

F (z(ri+1))− F (z(ri))
= ai + biz(ri) − ciz(ri+1),

Ù¥

ai =
ξri+1f(ξri+1)− ξrif(ξri)

pri+1 − pri

− ξri+1f(ξri+1)
[1− ξri+1(1− e−ξri+1 )](pri+1 − pri)− [ξri+1f(ξri+1)− ξrif(ξri)]

[pri+1 − pri ]2

− ξrif(ξri)
[ξri(1− e−ξri )− 1](pri+1 − pri) + [ξri+1f(ξri+1)− ξrif(ξri)]

[pri+1 − pri ]2
,

bi = f(ξri)
[ξri(1− e−ξri )− 1](pri+1 − pri) + [ξri+1f(ξri+1)− ξrif(ξri)]

[pri+1 − pri ]2
,

ci = − f(ξri+1)
[1− ξri+1(1− e−ξri+1 )](pri+1 − pri)− [ξri+1f(ξri+1)− ξrif(ξri)]

[pri+1 − pri ]2
.

ò¼êe−z(ri)3ξri?Ðm�

e−z(ri) = di − fiz(ri),

Ù¥

di = e−ξri + ξrie
−ξri , fi = e−ξri .

l
ò(2)Ú(3)�n��

(r1 − 1)(α1 − β1z(r1)) +
k−1∑
i=1

(ri+1 − ri − 1)(εi + ωiz(ri) − δiz(ri+1))

− (n− rk)(αk + βkz(rk))− k +
k∑
i=1

(di − fiz(ri)) = 0, (4)
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k + (r1 − 1)(α1 − β1z(r1))z(r1) +
k−1∑
i=1

(ri+1 − ri − 1)(ai + biz(ri) − ciz(ri+1))

− (n− rk)(αk + βkz(rk))z(rk) −
k∑
i=1

z(ri) +
k∑
i=1

(di − fiz(ri))z(ri) = 0. (5)

z{(4)Ú(5)ª¦�ëêσ!µ�AMLE

σ̂ =
−D +

√
D2 + 4AE

2A
, µ̂ = B − Cσ̂,

l
��α!β�AMLE: α̂ = 1/σ̂, β̂ = eµ̂, Ù¥

M = (r1 − 1)β1 +
k−1∑
i=1

(ri+1 − ri − 1)(δi − ωi) + (n− rk)βk +
k∑
i=1

fi,

MC = (r1 − 1)α1 +
k−1∑
i=1

(ri+1 − ri − 1)εi − (n− rk)αk − k +
k∑
i=1

di,

MB = (r1 − 1)β1x(r1) +
k−1∑
i=1

(ri+1 − ri − 1)(δix(ri+1) − ωix(ri))

+ (n− rk)βkx(rk) +
k∑
i=1

fix(ri),

A = k + (r1 − 1)(α1 − β1C)C + C
k∑
i=1

di − C2
k∑
i=1

fi − kC

+
k−1∑
i=1

(ri+1 − ri − 1)(ai + biC − ciC)− (n− rk)(αk + βkC)C,

D = (r1 − 1)(α1 − 2β1C)(x(r1) −B) +
k∑
i=1

(di − 1)(x(ri) −B)

− 2C
k∑
i=1

fi(x(ri) −B)− (n− rk)(αk + 2βkC)(x(rk) −B)

+
k−1∑
i=1

(ri+1 − ri − 1)[bi(x(ri) −B)− ci(x(ri+1) −B)],

E = (r1 − 1)β1(x(r1) −B)2 +
k∑
i=1

fi(x(ri) −B)2 + (n− rk)βk(x(rk) −B)2.

§3. � [

·�én = 25, ��êr©O�20Ú10, ëêý���α = 1, β = 1.5�, ÏLMonto-

Carlo�[��{�)25�ÑlFrechet©Ù��Åê, ¿?1
1 000g�[, |^�©�{

��Frechet©Ùëê�Cq4�q,�O�uL1, ¿r4�q,�O(^LaplaceCq)�

uL2, ^��þ�Úþ�Ø�(L1!L2¥)ÒS�êi)�	ëê�O�Ð�. 3L1!

L2¥(r = 20, k = 5)��ÿ, tiL«�"��êâ, Ù§�¹e�tiL«"��êâ.
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L1 α!β�Cq4�q,�O9þ�Ø�

r k "��¹ α β

20

20 Ã"� 1.0694 (0.0428) 1.5642 (0.1234)

10

t2, t4, t6, t8, t10
1.0840 (0.0520) 1.5650 (0.1332)

t12, t14, t16, t18, t20

t1, t4, t5, t8, t9
1.0840 (0.0487) 1.5743 (0.1301)

t11, t12, t15, t18, t19

5
t1, t4, t8, t11, t15 1.1133 (0.0766) 1.5597 (0.1374)

t5, t8, t13, t16, t20 1.1052 (0.0736) 1.5780 (0.1361)

10

10 Ã"� 1.1784 (0.1571) 1.5006 (0.1528)

8
t3, t6 1.1811 (0.1508) 1.5183 (0.1459)

t5, t9 1.1994 (0.1660) 1.5088 (0.1551)

5
t2, t4, t6, t8, t10 1.2237 (0.1953) 1.5128 (0.1568)

t1, t4, t6, t7, t9 1.2088 (0.1942) 1.5154 (0.1755)

L2 α!β�4�q,�O(LaplaceCq)9þ�Ø�

r k "��¹ α β

20

20 Ã"� 1.0660 (0.0422) 1.5407 (0.1164)

10

t2, t4, t6, t8, t10
1.0783 (0.0506) 1.5486 (0.1184)

t12, t14, t16, t18, t20

t1, t4, t5, t8, t9
1.0737 (0.0471) 1.5495 (0.1114)

t11, t12, t15, t18, t19

5
t1, t4, t8, t11, t15 1.1096 (0.0761) 1.5541 (0.1355)

t5, t8, t13, t16, t20 1.1063 (0.0710) 1.5604 (0.1375)

10

10 Ã"� 1.1756 (0.1458) 1.5079 (0.1480)

8
t3, t6 1.1800 (0.1779) 1.5120 (0.1472)

t5, t9 1.1855 (0.1623) 1.5146 (0.1490)

5
t2, t4, t6, t8, t10 1.2276 (0.2300) 1.5125 (0.1493)

t1, t4, t6, t7, t9 1.2274 (0.2181) 1.5163 (0.1717)

(JL²:

1. ÃØ��êr´10�´20, ëêαÚβ�ü«�O�ý�'��C, þ�Ø���C.

ùL²Cq4��O�4�q,�O�°Ý´�C�, �Cq4�q,�Oäkw,L«,

ù´§�`³¤3.

2. ���ê�½�, êâ"��õ, ü«�O�{þL²α!β�O� ���, þ�

Ø����, `²�O��J��.
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Approximated Maximum Likelihood Estimator for Frechet

Distribution under Type II Censoring

ZENG LinRui TANG YinCai DOU Wen
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Abstract: Frechet distribution is an important life distribution. In this paper, approximated maximum

likelihood estimator for two parameter Frechet distribution under type II censoring is investigated. And

the feasibility of this method is obtained through the Monto-Carlo simulation.

Keywords: two parameter Frechet distribution; approximated maximum likelihood estimator; type II

censoring
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